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ABSTRACT 
 
Linear interpolation algorithms are commonly used for the calculation of the thermodynamic properties of water 
in thermal-hydraulic analysis systems. However, these algorithms can use a substantial amount of computation 
time. An alternative for this approach is to use approximation formulas. On the other hand, the steam tables are 
created from empirical data, which can be represented by a set of points in a graph of certain property. There is 
no function that can integrally represent the curves formed by these points, some functions are adjusted to 
represent satisfactorily certain range. Together they compose the curves that relate the properties. It aims to 
introduce two computer codes (PARSTEAM and NBSNRCE) designed to perform the function of steam tables 
printed, with the purpose of speeding up the process of analysis and as support for other computer codes; and 
show that such codes have good accuracy, compared with steam tables. 
 
 
1 INTRODUCTION 
 
Steam tables are a useful tool for various analysis codes thermal-hydraulics nuclear systems. 
Linear interpolation algorithms are widely used for the calculation of thermodynamic 
properties. However, many times, with high computational cost. This comes down to a 
substantial cost of computing time and memory. An alternative to this approach is the use of 
approximations to allow accurate results with low computational cost. 
 
In addition the steam tables are created from empirical data and produce an extensive set of 
points which can be adjusted functions. However, there are not mathematical functions that 
can represent these curves in full. Adjusted functions are used to represent satisfactorily the 
experimental data for certain range. Together, they compose the curves that relate these 
properties. 
 
The objective of this paper is to present two computer codes designed to perform the 
calculations of these interpolated functions, fulfilling the function of steam tables. These 
codes are intended to facilitate the process of calculation, performed before by the researcher 
with the aid of a printed table. There will be a brief comparison between the results obtained 
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by both codes using the temperature and pressure range of a pressurized water reactor (PWR) 
nuclear power plant. 
 
 
2 COMPUTER CODES 
 
The codes used are NBSNRCE [1], based on the Water Physical Properties of Garland and 
PARSTEAM, based on the International Association for the Properties of Water and Steam 
(IAPWS-IF97 [2]), both codes were developed at the Instituto de Engenharia Nuclear (CNEN 
/ IEN). 
 
2.1 NBSNRCE 
 
The NBSNRCE is a code developed using Fortran77 which is based on steam tables NBS / 
NRC [3], [4] and [5]. The formulas used were determined by the method of least squares, 
allowing a minimization of the deviations from the line of best fit and the implementation of 
functions simple enough to be used with programmable calculators and microcomputers. 
 
2.2 PARSTEAM 
 
The PARSTEAM is a code developed in C/C++ by Adino Heimlich wich, based on the 
IAPWS-IF97 formulation proposed by the International Association for the Properties fo 
Water and Steam, provides several functions for the thermodynamic properties of water, in a 
parallel environment. In order to be in a multi-particulate simultaneous calculations. 
 
 
3 SIMULATION 
 
 
The use of computer codes in this study aims to show both compatibility with respect to 
relative small deviations. They require a little knowledge of the language for the code so that 
the user can use them. 
 
In order to show its application, were chosen thermal-hydraulic conditions of operation of a 
nuclear reactor, of PWR type. Its range of temperature is 280 oC to 330 oC and pressure is 
15.5 Mpa [6]. 
 
 
4 RESULTS 
 
Below are tables showing the results obtained by the simulation performed with both codes. 
The liquid properties which were chosen arbitrarily for the simulation were the internal 
energy, entropy, enthalpy, specific volume, density and viscosity, all with respect to 
compressed liquid. 
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Table 1: Specific internal energy. 
 
Temperatura 
(oC) 
NBSNRCE PARSTEAM 
Desvio 
(%) Energia Interna (J/kg) 
Energia Interna 
(J/kg) 
280.0 1211.4 1211.6 0.019% 
285.0 1236.8 1236.9 0.005% 
290.0 1262.7 1262.6 0.007% 
295.0 1289.0 1288.8 0.014% 
300.0 1315.3 1315.5 0.015% 
305.0 1342.4 1342.8 0.029% 
310.0 1369.9 1370.7 0.057% 
315.0 1399.7 1399.5 0.016% 
320.0 1429.4 1429.2 0.016% 
325.0 1460.6 1460.0 0.038% 
330.0 1493.5 1492.4 0.074% 
 
 
Table 2: Entropy. 
 
Temperatura 
(oC) 
NBSNRCE PARSTEAM Desvio 
relativo 
(%) 
Entropia 
(kJ/kg-K) 
Entropi 
(kJ/kg-K) 
280.0 3.0392 3.0377 0.048% 
285.0 3.0848 3.0837 0.035% 
290.0 3.1305 3.1300 0.015% 
295.0 3.1763 3.1768 0.015% 
300.0 3.2217 3.2241 0.075% 
305.0 3.2718 3.2720 0.007% 
310.0 3.3198 3.3208 0.031% 
315.0 3.3694 3.3705 0.033% 
320.0 3.4209 3.4216 0.018% 
325.0 3.4745 3.4742 0.011% 
330.0 3.5305 3.5289 0.046% 
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Table 3: Enthalpy. 
 
Temperatura 
(oC) 
NBSNRCE PARSTEAM Desvio 
relativo 
(%) 
Entalpia 
(kJ/kg) 
Entalpia 
(kJ/kg) 
280.0 1231.6 1231.9 0.020% 
285.0 1257.3 1257.4 0.005% 
290.0 1283.5 1283.4 0.007% 
295.0 1310.0 1309.8 0.014% 
300.0 1336.6 1336.8 0.015% 
305.0 1364.0 1364.4 0.028% 
310.0 1391.9 1392.7 0.056% 
315.0 1422.1 1421.8 0.017% 
320.0 1452.2 1452.0 0.018% 
325.0 1483.9 1483.3 0.041% 
330.0 1517.3 1516.1 0.077% 
 
 
Table 4: Specific volume. 
 
Temperatura 
(oC) 
NBSNRCE PARSTEAM Desvio 
relativo 
(%) 
Vol. Esp. 
Liq. 
(m3/kg) 
Vol. Esp. 
Liq. (m3/kg) 
280.0 0.0013072 0.0013080 0.062% 
285.0 0.0013228 0.0013233 0.037% 
290.0 0.0013395 0.0013396 0.011% 
295.0 0.0013572 0.0013571 0.009% 
300.0 0.0013758 0.0013759 0.002% 
305.0 0.0013963 0.0013962 0.011% 
310.0 0.0014187 0.0014182 0.034% 
315.0 0.0014436 0.0014425 0.080% 
320.0 0.0014715 0.0014693 0.146% 
325.0 0.0015028 0.0014994 0.221% 
330.0 0.0015382 0.0015338 0.289% 
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Table 5: Density. 
 
Temperatura 
(oC) 
NBSNRCE PARSTEAM Desvio 
relativo 
(%) 
Densidade 
(kg/m3) 
Densidade 
(kg/m3) 
280.0 765.02 764.54 0.062% 
285.0 755.97 755.69 0.037% 
290.0 746.57 746.48 0.012% 
295.0 736.81 736.88 0.009% 
300.0 726.84 726.82 0.002% 
305.0 716.17 716.26 0.012% 
310.0 704.87 705.10 0.034% 
315.0 692.70 693.26 0.081% 
320.0 679.59 680.59 0.147% 
325.0 665.45 666.92 0.221% 
330.0 650.11 652.00 0.289% 
 
 
Table 6: Viscosity. 
 
Temperatura 
(oC) 
NBSNRCE PARSTEAM Desvio 
relativo 
(%) 
Viscosidade 
(10-6Pa-s) 
Viscosidade 
(10-6Pa-s) 
280.0 96.414 96.561 0.15% 
285.0 94.399 94.543 0.15% 
290.0 92.404 92.547 0.15% 
295.0 90.429 90.565 0.15% 
300.0 88.500 88.589 0.10% 
305.0 86.527 86.608 0.09% 
310.0 84.524 84.611 0.10% 
315.0 82.459 82.584 0.15% 
320.0 80.327 80.512 0.23% 
325.0 78.120 78.371 0.32% 
330.0 75.827 76.133 0.40% 
 
As can be seen, the results show good accuracy given the small relative deviations found. 
This shows that both NBSNRCE as PARSTEAM are good tools to be used in computational 
codes. 
 
 
5 CONCLUSIONS 
 
Two computer codes based on different methods have been presented and shown to have a 
high level of compatibility between them. The percentage relative deviations to the 
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magnitudes remains below 0.4%, and for certain properties the diversios reached up to two 
orders of magnitude smaller. Furthermore were written in different languages independently 
and may be used by different developers being an option for those who know only one of 
computer languages. 
 
Note that simulations were made for some water properties, but both codes, enable the 
calculation of other properties such as surface tension, thermal conductivity, and others. 
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